The paper presents the results of research of impact strength of aluminum alloy EN AC-44200 based composite materials reinforced with alumina particles. The research was carried out applying the materials produced by the pressure infiltration method of ceramic preforms made of Al 2 O 3 particles of 3-6m with the liquid EN AC-44200 Al alloy. The research was aimed at determining the composite resistance to dynamic loads, taking into account the volume of reinforcing particles (from 10 to 40% by volume) at an ambient of 23°C and at elevated temperatures to a maximum of 300°C. The results of this study were referred to the unreinforced matrix EN AC-44200 and to its hardness and tensile strength. Based on microscopic studies, an analysis and description of crack mechanics of the tested materials were performed. Structural analysis of a fracture surface, material structures under the crack surfaces of the matrix and cracking of the reinforcing particles were performed.
Introduction
Strengthening of the aluminum, magnesium or copper alloys with particles, fibers or other types of ceramic reinforcement usually results in increased mechanical properties [1] [2] [3] [4] [5] . This has led to the research activity in order to achieve the best possible results in the strengthening of materials [6] [7] [8] [9] . Real and critical issue for wide applications of composite materials seems to be maintaining the relative high strength properties when operating at ambient temperature or at elevated temperatures [10] [11] [12] [13] . These materials are characterized by the high mechanical properties such as tensile, bending or compression strength, but on the other hand they are not characterized by the large impact strength. These issues have been investigated by researchers using composite materials with different matrices and with various contents of the reinforcing elements [14] [15] [16] [17] [18] . Relatively few, however, can be found in literature on impact strengths of metallic composite materials at elevated temperatures, which may be essential during their use. Because of this, the purpose of this work was to investigate the impact strength of composite materials with aluminum alloy EN AC-44200 matrix reinforced with Al 2 O 3 particles in the temperature range of 20°C to 300°C.
Materials and experimental methods
Hardness, impact strength and tensile strength of aluminum alloy EN AC-44200 based composite materials reinforced with Al 2 O 3 ceramic particles were determined. Materials were made produced applying the squeeze casting method. The process of materials' production consisted in the first stage of producing and then fixing in a proper place of a casting mold a porous preform and its infiltration with preheated to 720°C liquid EN AC-44200 Al alloy. The infiltration process was carried out on a hydraulic press at a pressure of 90100MPa.
Composite reinforcements were preforms made of Al 2 O 3 particles with a density of 3.95 g/cm 3 and a particle size of 36m. Particle bindings were formed basing on the technology described in [5, 9] based on the use of hydrated glass water solution Na 2 O • nSiO 2 • xH 2 O (n, x -stoichiometric coefficients) hardened with CO 2 .
An exemplary preform structure is illustrated in Fig. 1 with a designated bridge connecting the particles, chemical composition of which is given in Table 1 . EN AC-44200 alloy having sufficiently high castability was chosen for a matrix of composite materials, which is a condition of the effective preforms' impregnation with liquid metal in the infiltration process, and also has an effect on reducing porosity of composite castings. This alloy, in addition to its low density (2.65g/cm 3 ), has high mechanical properties, which is why it is frequently used in the construction of machine parts and appliances. The EN AC-44200 alloy specifications are given in Table 2 . As a result of a squeeze casting process, composite materials have been obtained with the structure of alternately arranged matrix's fields with fields having an increased amount of ceramic particles. Such a structure results from the method of preforms' production based on the use of a filler that is removed by firing. An exemplary material structure with 20% vol. Al 2 O 3 particles is shown in Figure 2 .
Composite samples taken from castings containing respectively 10, 20, 30 and 40% vol. of Al 2 O 3 reinforcing particles were tested. For comparative purposes, the research was also carried out on the EN AC-44200 materials unreinforced with particles. Hardness tests were carried out with the use of Brinell method using a 2.5 mm diameter steel ball under 625N load.
Scanning microscopy was performed with the use of the Hitachi TM-3000 scanning microscope and the microstructure study with the use of the Nikon Eclipse MA200 light microscope.
Results and discussion

Hardness and impact strength
Hardness dependence on the amount of reinforcing particles is shown in Fig. 3 . The highest impact strength showed the unreinforced alloy EN AC-44200, which impact strength at the ambient temperature was 6.2 kJ/m 2 . Determination of the impact strength at the test temperature of 100°C showed more than double dynamic impact strength caused by the increase of the plasticity of the matrix . At the temperature of 200°C, the impact strength still increased but only by another 1015%. The lack of a measuring point at 300°C results from increased capability of samples for plastic deformation and dragging the samples through a handle support.
Composite materials with 10% vol. 
Tensile strength
The performed research confirmed that reinforcement with the particles in a volume of 10 to 40 vol.% leads to an increase in tensile strength both at ambient temperature and at the temperature of 300°C (Table 3) . 
Microstructure
Scanning Electron Microscopy observations of cracks and microstructure studies performed under the surface of cracks were conducted by analyzing formation and development of cracking during the dynamic impact test. Fig. 5 shows the cracks of an unreinforced matrix alloy EN AC-44200 resulting from a test run at 23°C. The fracture is characterized by a plastic brittle crack with slight relatively plastic -phase and visible numerous broken and cracked Si crystals. The observations confirm dendrites break and their detachment from eutectic. In the composite materials reinforced with ceramic particles tested at ambient temperature, cracks are of typically brittle character with the small areas of plastic deformation occurring mainly in materials containing 10% vol. of Al 2 O 3 particles. Impact destruction of areas with increased matrix volume results in a tendency rather to propagate cracking across a boundary of these areas than in areas containing ceramic particles, (Figure 6 ). In the samples observed from a hammer impact side, many additional brittle cracks can also be observed, leading to composites' fragmentation ( Figure 7) . Propagation of additional cracks goes mainly in a perpendicular direction to the direction of hammer's impact and at 23°C passes through both the matrix material and a particle / matrix interfaces (Figure 8 ). SEM studies of surface cracks confirm the presence of strongly-embedded reinforcing particles in the matrix. In rare cases, especially in composites with 30 and 40% vol. of particles, the matrix, as a result of dynamic impact and stretching forces, undergoes debondings from the particles' surface. Debondings are more frequently observed in composites subjected to impact loads at 23°C. Observations also confirm at the crack surface the presence of cracked primary Si crystals of aluminum matrix ( Figure 9 and Table 4 ). Unlike unreinforced matrix material, during the impact test at 23°C, composite materials show brittle fractures. Cracks propagation develop both through the matrix material, particles and matrix-particle interfaces.
4.
At the elevated temperatures (mainly at 300°C), the cracks propagate mainly inside the matrix's material. Strong adhesive bonding of the matrix to the ceramic particles confirms fragments of matrix adhering at the surface of the ceramic particles.
